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ABSTRACT : PURPOSE: To produce silicic acid of high quality which is useful for sealing iC by 

controlling the drawing-out speed of the silicic acid rod, as the mett level of the silicic add 
is measured in the furnace. 

CONSTITUTION: Silidc add is meited in the furnace 1 to form melt of siiidc add 2. 
Electromagnetic laser waves are sent from the transmitter-receiver unit 9 to the surface 8 
of the silidc add melt 2 and the reflection is received with the unit 9 to detect the height of 
the surface level 8 from the phase difference. The detected value is sent to the control unit 
1 0 and the drawing-out speed of the silidc add rod 5 from the narrowed Ixjttom part 3 is 
adjusted by increasing or decreasing the rotation number of the motor 1 1 for the drawing 
unit 4 depending upon the difference between the detected value and the desired level 
height 
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SPHCIFICATION 


1 Title of invention: 

Kanufacturing process for silicic acid 

2 Claims 

CD A continuous process for inanufacturing silicic acid rod by- 
drawing molten silicic acid from the constrictor at the bottom of the 
furnace, in wffich the melt height is measured and used to control the 
drawing rate of said silicic acid rod. 

(2) A process for manufacturing silicic acid according to Claim (1). 
in which the melt height is measured by transmitting electromagnetic 
wave to the surface and by detecting phase difference between the 
transmitted and received wave. 

(3) A process for manufacturing silicic acid according to Claim CD, 
in which the melt height is measured by irradiating light to the surface 
making .an acute angle with the surface and the reflection point is . 
measured with a TV camera. 

C4) A process for manufacturing silicic acid according to Claim CD, 
in which the melt height is measured by contacting a heat-resisting 
carbon rod with the m-elt furnace and by detecting the u?-dcwns of the 
rod. 

3 Detailed description of the invention 
[Sphere of application in industry] 
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The present invention concerns a continuous manufacturing process 
for silicic acid rod. 

C Technology of the Prior Art] 

The silicic acid rod manufactured by melting in a furnace raw 
material such as silica stone or silica sand has wide application 
Including ^its use for integrated circuit sealing, but very high quality 
is required especially for use with IC sealing. Because of this one of 
the important factors for improving the quality of silicic acid is 
considered to be to accurately control the time in which silicic acid 
stays in the furnace. 

The traditional method of achieving this has been, as shown in 
Fig. 6, for an operator to visually observe the height of the melt 
surface 8 of silicic acid 2 in the furnace 1 through the measurement 
hole 20 and to control the speed of the drawing device 4 which draws 
silicic acid rod 5 from the outlet 3 at the bottom of the furnace 1 so 
that the melt surface 8 may be maintained at a constant level. 

Also, for the same purpose Tckkai 54-21412 deals with a device shown 

in Fig. 7, which uses a burner or a cooling water pipe 21 for heating or 

cooling the surface of silicic acid rod 5 which descends from the 

drawing outlet 3 at the bottom of the furnace 1 maintaining its 

temperature at 1200^^0 - loOC^C to keep the drawing rate of the rod 5 and 

the time in which silicic acid stays in the furnace 1 constant. 

C Problems to be solved by the present invention] 

However, the above traditional method has the following problems: 

(1) The control of the drawing rate of silicic acid rod by visual 
observation 

T 
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Vith this method it is difficult to set the dravflnj rate of silicic 
acid rod so that the melt height may stay at the same level. And various 
problems occurs owing to variation of the melt height. Kamely, if the 
melt height is lower than the target height the drawing rate is too 
high. In this case the time in which silicic acid stays in the furnace 
is not long enough so that silicic acid is dram from the outlet before 
it is completely melted. Silicic acid rod formed in this way is of poor 
quality. 

/ 

Also, in such a case silicic acid rod is drawn before it is 
sufficiently cooled, so that, when drawn, it is still soft, may be bent, 
expanded, or scratched by bricks at the outlet and may come out carrying 
fragments of bricks on its surface. Conversely, when the melt height is 
higher than the target height, the drawing rate of silicic acid rod is 
not high enough. In this case the silicic acid rod drawn. Is over-cooled 
so that its viscosity too low and it sticks tc bricks on the outlet at 
the bottom of the furnace, damaging the bricks, and the damaged brick 
fragments may be deposited on the surface of silicic acid rod, reducing 
the quality of the rod. Also, if the temperature of silicic acid rod 
drawn falls below a certain level, then drawing becomes impossible or 
silicic acid rod is fractured, leading to stoppage of the operation. 

In this way the drawing rate of silicic acid rod, if too high ^or too 
low, causes various problems including low quality. 

(2) Heating or cooling silicic acid rod at the bottom of the furnace 

This method solves the above problems, but since the heating and 
cooling equipment is required extra energy is consumed. 

The present invention aims to solve problems of the traditional 
method and to provide a stable method of manufacturing quality silicic 
acid rod. 
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[Steps to solve the problems] 

The present invention concerns a continuous process for 
manufacturing silicic acid rod by drawing inolten silicic acid from an 
outlet at the bottom of the furnace, in which the melt height is 
measured and used to control the drawing rate of said silicic acid rod. 

[Action] 

/ 

Vith the continuous process for the manufacture of silicic acid rod 
the starting material is supplied continuously at a certain rate, and 
the fuel for tie material is also supplied at a certain rate to maintain 
the temperature of molten silicic acid in the furnace constant. 
Therefore, by drawing silicic acid rod at the same rate as the material 
is supplied, it is possible to maintain a stable operation. Vith the 
present invention the melt height is kept at a constant level by 
measuring it and by controlling the rate of drawing silicic acid rod. 
Accordingly, the time in which silicic acid stays in the furnace is kept 
constant. Also, variation of the rate of drawing silicic acid rod 
becomes small and the temperature of silicic acid rod at the outlet at 
the bottom of the furnace can also be kept constant. 

[Example] 

The invention will now be further demonstrated through examples of 
its practice. Fig. 1 is a section of the equipment used with the Example 
of the present invention. Kolten silicic acid 2 in the furnace 1 of 
Figure 1 is drawn by the drawing device 4 from the outlet 8 at the 
bottom of the furnace 1. It cools naturally and becomes silicic acid rod 
5. The essential part of said drawing device 4 consists of the screw 7 
which moves the band 6 up and down by turning it and the motor 8 which 
rotates the screw 7. This drawing device 4 consists of the upper and 
lower portions (the lower portion not sho'^na in the Figure), and the 
alternate actions of these portions continuously draw silicic acl(J rod 
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5. The balance between the melt height 8 of molten silicic acid 2 in the 
furnace 1 and the drawing rate of silicic acid rod is maintained in the 
following manner: 

To the melt surface 8 of molten silicic acid 2 in the furnace 1 is 
transmitted laser, which is electromagnetic wave, from the 
electromagnetic wave transmitter and receiver 9, and its reflected wave 
is received by the same device 9. If the height of the melt surface 6 
changes in the meanwhile change in phase difference between the 
transmitted wave and received wave will occur » By detecting this phase 
difference change in the height of the melt surface 8 can be calculated, 
Measurements taken by the transmitter and receiver 9 are sent to the 
controlling ec^ipment 10. This controlling equipment 10 controls the 
drawing rate of silicic acid rod 5 by adjusting the rotation rate of the 
motor 11 for the drawing device 4 depending on difference between the 
target height of the melt surface 8 and its actual height. If the melt 
surface S is kept constant in this way, then variation of the drawing 
rate of silicic acid rod 5 also disappears, the time in which silicic 
acid stays in the furnace 1 becomes constant, and as a result no mixing 
will occur of material which is not melted, no fragments of bricks from 
the outlet 3 at the bottom of the furnace 1 will be deposited on the 
silicic acid rod, and silicic acid rod 5 of high quality can be 
manufactured continuously. Electromagnetic wave used to measure the 
height of the melt surface 8 can be microwave. 

Jext, we shall explain difference in performance between the present 
invention and the traditional method when silicic acid red was 
manufactured using equipment shown in Fig.l and equipment shcTO in 
Fig. 6. Fig. 2 (a) and <b) illustrate variation in the melt height and 
variation in the rate of drawing silicic acid rod with the present 
invention. Fig. 3 Ca) and Cb) illustrate variation in the melt height and 
variation in the rate of drawing silicic acid rod with the traditional 
method. As can be seen from these Figures with the traditional method 
the melt height and the drawing rate vary greatly, while with the 
present invention these are approximately constant. The difference 
between the two is remarkable. Table 1 shows relation between the^ melt 
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height and frequency of incomplete melting occurring, and relation 
between the melt height and frequency of stoppage of the operation due 
to fracture of silicic acid rod which occurred while silicic acid rod 
was drawn. 

As can be seen from the table the present invention has, compared 
with the traditional method, greatly reduced the frequency of incomplete 
melting occurring and the frequency of stoppage of the operation. 

Table 1 

1 the traditional technology 

2 the present invention 
a the melt height 

3 frequency of incomplete melting occurring 
...a times/year 

4 frequency of stoppage of the operation 
a times/year 

Fext, another example will be explained. Fig. 4 and Fig. 5 explain 
manufacturing processes of Fig.l, but use a different method of 
measuring the melt height. The method of Fig. 4 consists in irradiating 
light from the source 12 onto the melt surface 8 of silicic acid 2 at an 
acute angle with the surface, detecting, by the use of the television 
camera 13. movement of the reflection point (right-left movement with 
the Figure) which occurs with variation of the melt height and 
evaluating the height of the melt surface 8. 

[Effect of the invention] 

Vith the present invention the melt height can be accurately 
measured, and using the meas^rrements the drawing rate of silicic acid 
rod is controlled so that the melt height can be maintained at a 
constant level and as a result variation of the drawing rate disappears, 
ensuring the continuous production of silicic acid rod of high quality. 


- 7 - 


i > 


4. Brief explanation of Figures 

Fig.l is a section of an example of the equlpiaent used with the 
present invention. Fig. 2 illustrates performance with the present 
invention, and Fig. 3 performance with the traditional technology. Fig. 4 
and Fig, 5 show sections of apparatuses used for other examples of the 
present invention. Fig. 6 and Fig. 7 are sections used with the 
traditional technology. 
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